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(54) Shape data cxmpression/decompression method and apparatus 



(57) A shape data coirpression method empbyed 
ibr image generation by three<limensional computer 
graphics, in which shape data of an object given by one 
of a three-dimensional coordinate point sequence and a 
two-dimensional coordinate point sequence is proc- 
essed, comprises first stage of inputting a code number 
and a quantization precision for encoding one of the 
three-dimensional coordinate point sequence data and 
the two-dimensional coordinate point sequence data, 
and reading the coordinate point sequence data; sec- 
ond stage of mapping the coordinate p>oint sequence 
data to transfomned point sequences in a one-dimen- 
sional normal space [a,b] on the basis of transformation 
parameters; third stage of calculating an initial space 
division width on the basis of the quantization precision, 
dividirig the one-dimensional normal space into partial 
spaces using the initial space division width, analyzing 
distribution of the transformed point sequences in each 
partial space, deciding a divteion width by adaptively 
changing the initial division width so that the numk>er of 
partial spaces where the distribution is not 0 is approxi- 
mately equal to the code number, and calculating the 
distribution of the transformed point sequences in each 
partial space at the decided division width; fourth stage 
of obtaining, for each of the partial spaces wherein the 
distribution is not 0, a mean value of coordinate values 
of transformed point sequences distributed in the partial 
space, and encoding the mean values to produce a 
code bock; fifth stage of encoding the transformed point 
sequences according to the code book to generate 
code sequences; and sixth stage of outputting com- 
pressed data comprising the transformation parameters 
used for the data mapping in the second stage, the code 



book, and the code sequences. TTierefore. shape data 
of an object, in which various surfaces are combined 
complicatedly, can be compressed with high efficiency. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to a method for compressing shape data expressed by a sequence of three<Jimen- 
sional coordinate points, a sequence of two-dimensional coordinate points, and a sequence of thr6e<limensional vec- 
tors, employed in image generation using three-dimensional computer graphics. 

BACKGROUND OF THE INVENTION 

When an object in which various surfaces are complicatedly combined, like a living thing (e.g.. a human being or 
an animal) or an artifact (e.g., a car or an air plane), is processed by three-dimensional computer ^^hics, modeling of 
its shape is generally performed by three-dimensional measurement of the actual thing or a nrxxiel. In recent years, 
since CAD (Computer Aided Design) capable of handling free surfaces has been developed, when an artifact, such as 
a car or an air plane, is designed using CAD. modeling of the artifact can use design data of CAD. In any case, such 
shape data is expressed by tiie following sequences: a sequence of tiiree-dimensional coordinate points with indexes 
of points on the surface of the object, a sequence of three-dimensional vector points with indexes of rx>rmal vectors on 
the surface of the object, a sequence of tiiree-dimensional (or two-dimensional) coordinate points with indexes of three- 
dimensional (or two-dimensional) texture coordinates used when a t&cture is mapped on the surface of the object, arxl 
a sequence of these indexes. The size of these sequences of points and vectors deperxis on the shape of the object. 
For example, a rough shape consists of several hundreds of sequences, and a minutely nxxJeled shape consists of 
thousands to tens of thousands of sequences. Therefore, techniques for compressing shape data are required. 

An example of a data compressfon technique is to reduce the amount of shape data by approxinnating the shape 
of an object using polygonal patches or parametric surfaces. This method is desaibed in detail in Japanese Pii)lished 
Patent Application No. Hei. 4-202151, ^Three-dimensional Shape Input Apparatus". In this method, to reduce the 
amount of shape data, it is necessary to reduce, i.e.. thin out, vertexes of the polygonal patches or control points of the 
parametric surfaces, htowever, since the shape data is expressed by sequences of points, it is impossible to thin out 
control points of parametric surfaces. Therefore, the only way left is to thin out vertexes of polygons, that is, to thin out 
points on the surface. However, since a metfxxJ for deciding which points are to be deleted from erK>rmous number of 
sequences of points is not given, selectbn of points to be deleted cannot be performed. If rt is perfornned in utter disre- 
gard of the shape, the shape is deformed and the shape data cannot be used at all. Further, normal vectors and texture 
coordinates conresponding to the points deleted must be deleted, and index sequences must be changed. Since the 
shape data is enormous as mentioned above, these operations are extremely difficult. 

Meanwhile, another example of a data compression method is proposed In Japanese Published Patent Application 
No. Hei. 5-333859, "Shape Data Compression Method and Shape Data Decompression Method". In this method, it is 
premised that an object shape wfiich Is hierachized in parts is ennployed. When an object shape which is not hiera- 
chized is employed, it must be divided into parts and then hierachized. Data compression is performed for each part, 
and the compression metiiod employs a transformation formula t>etween a vertex coordinate of the shape of the part 
and a quantized coordinate. 

In this method, although it is premised that a hierachized object shape should be used or an object shape should 
t>e hierachized. since shape data are not hierachized in most cases, hierachization must be carried out. In this prior art. 
described that "hierarchical division of an object shape into parts is realized by dividing a distribution area of vertexes 
while considering connections between these vertexes". To achieve this operation, the operator must know connections 
between points in point sequences, but it is impossible to know such connections in enormous number of point 
sequence data. Therefore, the only substantial method is to divide ttie object shape according to distribution of point 
sequences, but this division cannot secure hierachization adapted to the actual state. Even though shape data is hier- 
achically divided into parts, the respective parts, for example, in case of a human being, upper and lower arms, ti'unK 
and otiier parte, will have complicated shapes in which symmetry and the like are not secured at all. 

As mentioned above, data compression is performed for each part, and the compression method employs a trans- 
formation formula between a vertex coordinate of the shape of the part and a quantized coordinate. To be specific, it is 
performed using a transformation formula between a partial point sequence tiiat defines the shape of the part and a 
quantized coordinate sequence. According to the second prior art mentioned above, to calculate the transformatfon for- 
mula, a principal axis transformation must t>e found first. However, the principal axis transformation according to the 
second prior art is only applicable to an object of a simple shape, such as a cube, and a calculation method of a princi- 
pal axis transformation for a complicated shape as mentioned atxwe has not been discovered yet. Consequently, it is 
impossitrfe to compress shape data in which various surfaces are combined corrplicatedly 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method for compressing shape data in which a variety of sur- 
faces are combined complicatedly, like a living thing such as a human being or an animal, or an artifact such as a car 
5 or an air plane. 

It is another object of the present invention to provide an apparatus that realizes the above-mentioned shape data 
compression method. 

It is still another object of the present invention to provide a method lor decompressing shape data compressed by 
the above-mentioned shape data corrpression method. 
10 It is a further object of the present invention to provide an apparatus that realizes the akx>ve-mentioned shape data 
decompression method. 

Other objects and advantages of the invention will become apparent from the detailed description that follows. The 
detailed description and specific embodiments described are provided only lor illustration since various additions and 
modifications vnfhin the scope of the invention will be apparent to tiiose of skill In the art from the detailed description. 

15 According to a first aspect of the present invention, tiiere is provided a shape data compression method enployed 
for image generation by three-dimensional computer graphics, in which shape data of an object given by one of a tiiree- 
dimensional coordinate point sequence and a two-dimensional coordinate point sequence is processed, and the 
method comprises first stage of inputting a code number and a quantization prec^ion for encoding one of the three- 
dimensional coordinate point sequence data and the two-dimensional coordinate point sequerKe data, and reading tiie 

20 coordinate point sequence data; second stage of mapping the coordinate point sequerx;e data to transformed point 
sequences in a one-dimensional normal space [a,b] on the basis of transformation parameters: third stage of calculat- 
ing an initial space division width on the basis of the quantization precision, dividing the one-dimensional normal space 
into partial spaces using the initial space division width, analyzing distribution of the transformed point sequences in 
each partial space, decidirtg a division width by adaptivety changing the initial division width so tiiat tiie number of par- 

25 tial spaces where the distribution is not 0 is approximately equal to the code number, and calculating the distribution of 
the transformed point sequences in each partial space at the decided division width; fourth stage of obtaining, for each 
of the partial spaces wherein the distntxition is not 0, a mean value of coordinate values of transformed point 
sequences distntHited in the partial space, and encoding tiie mean values to produce a code book; fifth stage of encod- 
ing the transformed poirrt sequences according to the code book to generate code sequences: and sixth stage of out- 

30 putting compressed data comprising the transformation parameters used for tiie data mapping in the secorxJ stage, tiie 
code booK and the code sequences. 

According to a second aspect of the present invention, tfiere is provided a sfiape data compression metiiod 
employed for image generation by three-dimensional corrputer graphics, in which shape data of an object given by one 
of a three-dimensional coordinate point sequence and a two<limensional coordinate point sequence is processed, and 

35 the method comprises first stage of inputting a code number arxJ a quantization precisbn for encoding one of the three- 
dimensional coorcfinate point sequence data and the two-dimensional coordinate point sequence data, and reading the 
coordinate point sequence data; second stage of mapping the coordinate point sequence data to transformed point 
sequences in a one-dimensional normal space [a,b] on the basis of fransformation parameters; third stage of calculat- 
ing an initial space division widtii on the t>asis of the quantizatbn precision, dividing the one-dimensional normal space 

40 into partial spaces using the initial space division width, analyzing distribution of the transformed point sequences in 
each partial space, deciding a division widtti by adaptively changing ttie initial division width so that the number of par- 
tial spaces where the distribution is not 0 is approximately equal to tiie code number, and calculating the distribution of 
the transformed point sequences in each partial space at the decided division width; fourth stage of obtaining, for each 
of the partial spaces wrfierein the distribution is not 0, a mean value of coordinate values of transformed point 

45 sequences distril)uted in the partial space, and encoding the mean values to produce a code book; fifth stage of encod- 
ing tiie transfonned point sequences according to ttie code book to generate code sequences; sixth stage of performing 
run-length compression to the code sequences; and seventh stage of outputting compressed data comprising tiie 
transformation parameters used for the data mapping in the second stage, ttie code book, and tiie run-lengtii com- 
pressed code sequences. 

50 According to a third aspect of the present invention, there is provided a shape data compression method employed 
for image generation by three-dimensional computer graphics, in which shape data of an object given by a three-dimen- 
sional vector sequence is processed, and the method comprises first stage of inputting a code number and a quantiza- 
tion precision for encoding the three<limensional vector sequence data, and reading tiie three^imensfonal vector 
sequence data; second stage of transforming the three<limensional vector sequence data to data sequences of two 

55 angles obtained when expressed by polar coordinates; ttiird stage of mapping tiie angle data sequences to transformed 
point sequences in a one-dimensional normal space [a,b] on the basis of transformation parameters; fburtti stage of 
calculating an initial space division width on tiie basis of the quantization precision, dividing tiie one-dimensional normal 
space into partial spaces using tiie initial space division wndtii. analyzing distribution of tiie transformed point 
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sequences in each partial space, deciding a envision width by adaptively changing the initial division width so that the 
number of partial spaces where the distribution is not 0 is approximately equal to the code number, and calculating the 
distribution of tiie transformed point sequences in each partial space at the decided division width; fifth stage of obtain- 
ing, for each of the partial spaces wherein the distribution is not 0, a mean value of coordinate values of transformed 

5 point sequences distributed in tiie partial space, and encoding the mean values to produce a code book; sixth stage of 
encoding the transformed point sequences according to the code book to generate code sequences; and seventh stage 
of outputting compressed data comprising tiie transformation parameters used for the data mapping in the third stage, 
the code booK and the code sequences. 

According to a fourth aspect of the present invention, there is provided a shape data compression method 

10 employed for image generation by three-dimensional computer graphics, in which shape data of an object given by a 
three-dimensional vector sequence is processed, and tiie method comprises first stage of inputting a code number and 
a quantization precision for encoding the three-dimensional vector sequence data, and reading the three-dimensional 
vector sequence data; second stage of transforming the three-dimensional vector sequence data to data sequences of 
two angles obtained when expressed by polar coordinates; third stage of mapping the angle data sequences to trans- 

15 formed point sequences in a one-dimensional nornrtal space [a.b] on the basis of transformation parameters; fourth 
stage of calculating an initial space divisbn width on the t>asis of ttie quantization precision, dividing the one-dimen- 
sional normal space into partial spaces using the initial space division width, analyzing distribution of the transformed 
point sequences in each partial space, deciding a division width t>y adaptively changing the initial division wkith so that 
the number of partial spaces where the distribution is not 0 is approximately equal to the code numt>er, and cateulating 

20 the distribution of the t-ansfbrmed point sequences in each partial space at tiie decided division wkith; fifth stage of 
obtaining, for each of the partial spaces wherein the d^ibution is not 0, a mean value of coordinate values of trans- 
formed point sequences distributed in the partial space, and encoding the mean values to produce a code book; sixth 
stage of encoding the transformed point sequences according to the code book to generate code sequerKSs; seventh 
stage of performing run-length compression of tiie code sequences; eighth stage of outputting compressed data com- 

25 prising the transformation parameters used for tfie data mapping in the third stage, the code txx>k. and the run-lengtii 
compressed code sequences. 

According to a fifth aspect of the present invention, tiiere is provided a shape data compression method employed 
for image generation by three-dimensional computer graphics. In which shape data of an object given by one of a three- 
dimensional coordinate point sequence and a two-dimensional coordinate point sequence is processed, and the 

30 method comprises first stage of inputting one of a code number and a quantization precision for encoding one of the 
three-dimensional coordinate point sequence data and the two-dimensional coordinate point sequence data, and read- 
ing the coordinate point sequence data; second stage of mapping the coordinate point sequence data to transformed 
point sequences in a one-dimensional normal space [a.b] on the basis of transformatk)n parameters; tiiird stage of cal- 
culating an initial space cfivision width on tiie basis of the code number or the quantization precision, divkiing the one- 

35 dimensional normal space into partial spaces using the initial space division width, encoding points in the transformed 
point sequences included in each partial space using an aritiimetic expression to generate code sequences; and fourtii 
stage of outputting compressed data corrprising the transformation parameters enployed for tiie data mapping In the 
second stage, parameters of the arithmetic expression employed in tiie third stage, and the code sequences. 

According to a sixtti aspect of the present Invention, there is prcvkJed a shape data compression method employed 

40 for image generation by three<limensional conrputer graphics. In which shape data of an object given by one of a tiiree- 
dimensional coordinate point sequence and a two-dimensional coordinate point sequence is processed, and the 
method comprises first stage of inputting one of a code number and a quantization precision for encoding one of the 
three-dimensional coordinate point sequence data and the two-dmensional coordinate point sequence data, and read- 
ing tiie coordinate point sequence data; second stage of mapping tiie coordinate point sequence data to transfomied 

45 point sequences in a one-dimensional normal space [a,b] on the basis of transformation parameters; third stage off cal- 
culating an initial space cfivision widtii on the basis of the code number or the quantization precision, divkJing the one- 
dimensional normal space into partial spaces using the initial space division wkttti. encoding points in the transfonmed 
point sequences induded in each partial space using an arHhmelic expression to generate code sequences; fourtti 
stage of performing run-lengtti corrpression to the code sequences: and f ifth stage of outputting compressed data com- 

50 prising the transformation parameters emptoyed for tiie data mapping in tiie second stage, parameters of the arithmetic 
expression employed in the tiiird stage, and the run-length compressed code sequences. 

According to a seventh aspect of tiie present inventfon, there is provkJed a shape data corrpression method 
errployed for image generation by three-dimensional conrputer graphics, in which shape data off an object given by a 
three-dimensional vector sequence Is processed, and the method comprises first stage of inputting one of a code 

55 number and a quantization precision for encoding the tiiree<limensfonal vector sequence data, and reading the three- 
dimensional vector sequence data; second stage of transfomiing the three-dimensbnal vector sequence data to data 
sequences of two angles obtained when expressed by polar coordinate; third stage of mapping the angle data 
sequences to transformed point sequences in a one-dimensional normal space [a.b] on the Ijasis of transformation 
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parameters; fourth stage of calculating an initial space division width on the basis of the code numt)er or the quantiza- 
tion precision, dividing the one-dimensional normal space into partial spaces using the initial space division width, 
encoding points in the transformed point sequences included in each partial space using an arithmetic expression to 
generate code sequences; and fifth stage of outputting compressed data conrprising the transformation parameters 
5 employed for the data mapping in the third stage, parameters of the arithmetic expression employed in the fourth stage, 
and the code sequences. 

According to an eighth aspect of the present invention, there is provided a shape data compression method 
employed for image generation by three-dimensional computer graphics, in which shape data of an object given by a 
three<limensional vector sequence is processed, and the method corrprises first stage of inputting one of a code 
10 number and a quantization precision for encoding the three-dimensional vector sequence data, and reading the three- 
dimensional vector sequence data; second stage of transforming the three-dimensional vector sequence data to data 
sequences of two angles obtained when expressed by polar coorcfinate; third stage of mapping the angle data 
sequences to transformed point sequences in a one-dimensional normal space [a.b] on the basis of transformation 
parameters; fourth stage of calculating an initial space division width on the t>asis of the code number or the quantize- 
rs tion precision, dividing the one-dimensional normal space into partial spaces using the initial space division width, 
encoding points in the transformed point sequences included in each partial space using an arithmetic expression to 
generate code sequerK;es; fifth stage of performing run-length compression to the code sequences; arxi sixth stage of 
outputting compressed data comprising the transformation parameters employed for the data mapping in the third 
stage, parameters of the arithmetic expression employed in the fourth stage, and the run-length compressed code 
20 sequences. 

According to a ninth aspect of the present invention, there is provided a shape data compression method employed 
for image g^eration by three-dimensional computer graphics, in which shape data of an object given by a three-dimen- 
sional coordinate point sequence is processed, and the metfiod comprises first stage of inputting one of a code number 
and a quarttization precision for encoding the three-dimensional coordinate point sequence data, and reading the three- 

25 dimensional coordinate point sequence data; second stage of mapping the three-cfimensional coordinate point 
sequence data to transformed coordinate point sequences in a three-dimensional normal space [a,b] x [c.d] x [e.f| on 
the basis of transformation parameters; third stage of calculating an initial space division width on the bas^ of the code 
number or the quantization precision, dividing the three-dimensional normal space into partial spaces using the initial 
space division width. encodSng poirrts in the transformed point sequences included in each partial space using an arrth- 

30 metic expression to generate code sequences; and fourth stage of outputting compressed data comprising the trans- 
formation parameters employed for the data mapping in the second stage, parameters of the arrthnrfetic expression 
employed in the third stage, and the code sequences. 

According to a terrth aspect of the present invention, there is provided a shape data compression method employed 
for image generation by three-dimensional computer graphics, in which shape data of an object given by a three<limen- 

35 sional coordinate point sequence is processed, and the method comprises first stage of inputting one of a code numt>er 
and a quantization precision for encoding the three-dimensional coordinate point sequence data, and reading the three- 
dimensional coordinate point sequence data; second stage of mapping the three-dimensional coordinate point 
sequence data to transformed coordinate point sequences in a three-dimensional normal space [a.b] x [ccQ x [e.f] on 
the t>asis of transfonmation parameters; third stage of calculating an initial space division width on the basis of the code 

40 number or the quantization precision, dividing the three-dimensbnal normal space into partial spaces using the initial 
space division width, encoding points in the transformed point sequences included in each partial space using an arith- 
metic expression to generate code sequences: fourth stage of performing run-length compression to the code 
sequences; and fifth stage of outputting compressed data comprising the transformation parameters employed for the 
data mapping in tiie second stage, parameters of tiie arithmetic expression employed in the third stage, and the run- 

45 length compressed code sequences. 

According to an eleventh aspect of the present invention, there is provided a shape data compression method 
employed for image generation t>y three-dimensional computer graphics, in which shape data of an object given by a 
two-dimensbnal coordinate point sequence is processed, and the method comprises first stage of inputting one of a 
code number and a quantization precision for encoding tiie two-dimensional coordinate point sequence data, and read- 

50 ing the two<limensional coordinate point sequence data; second stage of mapping the two-dimensional coordinate 
point sequence data to transformed coordinate point sequences in a two-dimensional normal space [a.b] x [c.d] on the 
basis of transformation parameters; third stage of calculating an initial space division width on the basis of the code 
number or the quantization precision, dividing the two-dimensional normal space into partial spaces using the initial 
space division width. encocOng points in the transformed point sequences included in each partial space using an arith- 

55 metic expression to generate code sequences; and fourtii stage of outputting compressed data comprising the trans- 
formation parameters employed for the data mapping in tie second stage, parameters of the aritiimetic expression 
employed in the third stage, and the code sequences. 

According to a twelfth aspect of the present invention, there is provided a shape data compression method 
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employed lor image generation by three-dimensional computer graphics, in which shape data of an object given by a 

two-dimensional coordinate point sequence is processedi and the method comprises first stage of inputting one of a ^ ^ ^ . v .*vv „ ? 

code number and a quantization precision for encoding the two-dimensional coordinate point sequence data, and read- 
ing the two-dimensional coordinate point sequence data; second stage of mapping the two-dimensional coordinate 

5 point sequence data to transformed coordinate point sequences in a two-dimensional normal space [a.b] x [c,d] on the 
t>asis of transformation parameters; third stage of calculating an initial space division width on the basis of the code 
number or the quantization precision, dividing the two-dimensional normal space into partial spaces using the initial 
space division width, encoding points in the transformed point sequences included in each partial space using an arith- 
metic expression to generate code sequences; fourth stage of performing run-length compression to the code 

10 sequences; and fifth st^e of outputting compressed data conrprising the transformation parameters employed for the 
data mapping in the second stage, parameters of the arithmetic expression employed in the third stage, and the run- 
length compressed code sequences. 

According to a thirteenth aspect of the present invention, there is provided a sfiape data compression method 
employed for image generation by three-dimensional conputer graphics, in which shape data of an object given by a 

15 three-dimensional vector sequence is processed, and the method conrprises first stage of Inputting one of a code 
number and a quantization precision for encoding the three^jimensional vector sequence data, arxl reading the three- 
dimensional vector sequence data; second stage of transforming the three-dimensional vector sequence data to data 
sequences of two angles obtained when expressed by polar coordinate; third stage of mapping the angle data 
sequences to transformed point sequences in a two<limensional normal space [a,b] x [c,d] on the basis of transforma- 

20 tion parameters; fourth stage of calculatir^ an initial space division width on the basis of the code number or the quan- 
tization precision, dividng the two-dimensbnal nonmal space into partial spaces using the initial space division width, 
encoding points in the transformed point sequences included in each partial space using an arithmetic expression to 
generate code sequences; arxi fifth stage of outputting compressed data conrprising tfie transformation parameters 
employed for the data rnapping in the third stage, parameters of the arithmetic expression employed In the fourth stage. 

25 and the code sequences. 

According to a fourteenth aspect of the present invention, there is provided a shape data conrpression method 
enployed for image generation by three-dimensional conputer graphics, in which shape data of an object given by a 
three-dimensional vector sequence is processed, and the method conrprises first stage of inputting one of a code 
number and a quantization precision for encoding the three-dimensbnal vector sequence data, and reading the three- 

30 dimensional vector sequence data; second stage of transforming the three-dimensional vector sequence data to data 
sequences of two angles obtained when expressed by polar coordinate; third stage of mappirig the angle data 
sequences to transformed point sequences in a two-dimensional normal space [a.b] x [c,d] on the basis of transforma- 
tion parameters; fourth stage of calculating an initial space division width on the basis of the code number or the quan- 
tization precision, divicfing the two-dimer)sional normal space into partial spaces using the initial space division width. 

35 encoding points In the transformed point sequences Included in each partial space using an arithmetic expression to 
generate code sequences; fifth stage of performing run-length conrpression to the code sequences; and sixth stage of 
outputting conrpressed data comprising the transformation parameters employed for the data mapping In the third 
stage, parameters of the arithmetic expression employed in the fourth stage, and the run-length compressed code 
sequences. 

40 According to a fifteenth aspect of the present invention, there is provided a shape data decompression method 
employed for image generation by three-dimensional computer graphics, and the method comprises first stage of 
inversely transforming code sequences of compressed shape data of an object, using a code book which is used at 
encoding, to generate transformed point sequences nriapped to a one-dimensional normal space [a.b]; and secorxJ 
stage of inversely mapping the transformed sequences obtained by the inverse transformation in the first stage, and 

45 outputting one of three-dimensional coordinate point sequence data and two<limensional coordinate point sequerKe 
data. 

According to a sixteenth aspect of the present invention, there Is provided a shape data decompression method for 
deconrpressing compressed shape data of an object, enrplpyed for innage generation by three-dimensional computer 
graphics, wherein the conpressed shape data is obtained by, using an arithmetic expression, encoding points of trans- 

50 formed point sequences in each of partial spaces, into which a one-dimensional normal space is divided, the partial 
space having a division width determined by one of a code number and a quantization precision used at encoding; and 
the method comprises first stage of inversely transforming code sequences of the compressed sfiape data, using an 
arismatic expression that is an inverse of the arithmetic expression employed at encoding, to generate transformed 
point sequences mapped to a one-dimensional normal space [a.b]; and second stage of inversely mapping the trans- 

55 formed sequences obtained by the inverse transformation in the first stage, and outputting one of three-dimensional 
coordinate point sequence data and two-dimensional coordinate poirrt sequence data. 

According to a seventeenth aspect of the present invention, there is provided a shape data compression apparatus 
for conpressing shape data of an object, enrployed for image generation by three-dimensional computer graphics, arvj 
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the apparatus comprises ciata input means for inputting a code number and a quantization precision for encoding shape 
data expressed by one of a three-dimensional coordinate point sequence and a twoKlimensional coordinate point 
sequence, and reading the coordinate point sequence data; data mapping means for mapping the coordinate point 
sequence data to transformed point sequences in a one-dimensional normal space [a,b] on the basis of transformation 

5 parameters; quantization means for calculating an initial space division width on the basis of the quantization precision, 
dividng the one-dimensional normal space into partial spaces using the initial space division width, analyzing distribu- 
tion of the transformed point sequences in each partial space, deciding a division width by adaptively changing the ini- 
tial division width so that the number of partial spaces where the distribution is not 0 is approxinretely equal to the code 
number, calculating the distribution of tiie transformed point sequences in each partial space at the decided division 

w width, obtaining, for each of tiie partial spaces wherein the distribution is not 0, a mean value of coordinate values of 
transformed point sequences distributed in tiie partial space, and encoding the mean values to produce a code book; 
encoding means for encoding the transformed point sequences according to the code book to generate code 
sequences; and data output means for outputting compressed data conprising the transformation parameters used by 
the data mapping means, the code book, and the code sequences. 

15 According to an eighteenth aspect of tiie present invention, there is provided a shape data compression apparatus 
for compressing shape data of an object, enployed for image generation by three-dimensional computer graphics, and 
the apparatus comprises data input means for inputting a code number and a quantization precision for encoding shape 
data expressed by a three<limensional vector sequence, and reading tiie tiiree-dimensional vector sequence data; 
polar coordinate transformation means for transforming the three-dimensional vector sequence data to data sequences 

20 of two angles obtained when expressed by polar coordinates; data mapping means for mapping tiie angle data 
sequences to transformed point sequences in a one-dimensional normal space [a.b] on the basis of transformation 
parameters; quantization means for calculating an initial space division widtii on the basis of the quantization precision, 
divicfing tiie one-dimensional normal space into partial spaces using the initial space division width, analyzing distribu- 
tion of the transformed point sequences In each partial space, deciding a division width by adaptively changing the ini- 

25 tial division width so that the number of partial spaces where the distribution is not 0 is approximately equal to the code 
number, calculating the distribution of the transformed point sequences in each partial space at the decided division 
width, obtaining, for each of the partial spaces wherein the distribution is not 0, a mean value of coordinate values of 
transformed point sequences distributed in the partial space, and encoding the mean values to produce a code book; 
encoding means for encoding the transformed point sequences according to the code book to generate code 

30 sequences; and data output means for outputting compressed data comprising the transformation parameters used by 
the data mapping means, the code book, and the code sequences. 

Accordir>g to a ninteenth aspect of the present invention, there is provided a shape data compression apparatus for 
compressing shape data of an object, employed for image generation by three-dinnensional computer graphics, and the 
apparatus comprises data input means for inputting one of a code number and a quantization precision for encoding 

35 shape data expressed t>y one of a three-dimensional coordinate point sequence and a two-cfimensional coordinate 
point sequence, and reading the coordinate point sequence data; data mapping means for mapping the coordinate 
point sequence data to transformed point sequences in a one-dimensional normal space [a,b] on the basis of transfor- 
mation parameters; quantization means for calculating an initial space division width on the t>asis of the code number 
or tfie quantization precision, dividing the one-dimensional normal space into partial spaces using the initial space divi- 

40 sion width, and encoding points In tiie transformed point sequences included in each partial space using an arithmetic 
expression to generate code sequences; and data output means for outputting compressed data comprising the trans- 
formation parameters employed by tiie data mapping means, parameters of tiie arithmetic expression employed for the 
encoding, and the code sequences. 

According to a twentieth aspect of the present invention, there is provided a shape data compression apparatus for 

45 compressing shape data of an object, employed for image generation by three-dimensional computer graphics, arxl the 
apparatus comprises data input means for inputting one of a code number and a quantization precision for encoding 
shape data expressed by a three-dimensional vector sequence, and reading the three-dimensional vector sequence 
data: polar coordinate transformation means for transforming the three-dimensional vector sequence data to data 
sequences of two angles otrtained when expressed by polar coordinate; data mapping means for mapping the angle 

50 data sequences to transformed point sequences in a one-dimensional norrrial space [a,b] on the basis of transformation 
parameters; quantization means for calculating an initial space division widtii on the basis of the code number or the 
quantization precision, dividing the one-dimensional normal space into partial spaces using the initial space division 
widtii, and encoding points in the transformed point sequences included in each partial space using an arithmetic 
expression to generate code sequences; and data output means for outputting connpressed data comprising the trans- 

55 formation parameters employed by the data mapping means, parameters of the arithmetic expression employed for tiie 
encoding, and the code sequences. 

According to a twenty4irst aspect of the present invention, there is provided a shape data compression apparatus 
for compressing shape data of an object, employed for image generation by three-dimensional computer graphics, and 
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the apparatus comprises data input means for inputting one of a code number and a quantization precision for encoding 
shape data expressed by a three-dimensional coordinate point sequence, and reading the three-dimensional coordi- ■ 
nate point sequence data; data mapping means for mapping the three-dimensional coordinate point sequence data to 
transformed coordinate point sequences in a three-dimensional normal space [a,b] x [c,cf] x [e,f] on the basis of trans- 

5 formation parameters; quantization means for calculating an initial space division width on the b^is of the code number 
or the quantization precision, dividing the three-dimensional normal space Into partial spaces using the initial space 
division width, and encoding points in the transformed point sequences included In each partial space using an arith- 
metic expression to generate code sequences; and data output means tor outputting compressed data comprising the 
transformation parameters employed by the data mapping means, parameters of tiie arithmetic expression enployed 

10 for the encoding, and the code sequences. 

According to a twenty-second aspect of the present invention, there is provided a shape data conrpression appa- 
ratus for compressing shape data of an object, employed for image generation by three-dimensbnal computer graphics, 
and the apparatus comprises data Input means for Inputting one of a code number and a quantization precision for 
encoding shape data expressed by a two-dimensional coordinate point sequence, and reading the two-dimensional 

15 coordinate point sequence data; data mapping means for mapping the two-dimensional coordinate point sequence 
data to transformed coordinate point sequences In a two-dlmensbnal normal space [a,b] x [c.cQ on the basis of trans- 
formation parameters; quantization means for calculating an initial space division width on the basis of the code nunt>er 
or the quantization precision, dividing the two-dimensional normal space into partial spaces using the initial space divi- 
sion width, and encoding points in the transformed point sequences included in each partial space using an arithmetic 

20 expression to generate code sequences; and data output means for outputting compressed data comprising the trans- 
formation parameters employed by the data mapping means, parameters of the aritiimetic expression enrployed for the 
encoding, and the code sequences. 

According to a twenty-tiiird aspect of the present invention, there is provided a shape data compression apparatus 
for compressing shape data of an object, employed for image generation k>y three-dimensional computer graphics, and 

25 the apparatus comprises data input means for inputting one of a code number and a quantization precision for encoding 
shape data expressed by a three-dimensional vector sequence, and reading the three-dimensional vector sequence 
data; polar coordinate transformation means for transforming the three-dimensional vector sequence data to data 
sequences of two angles obtained when expressed by polar coordinate; data mapping means for mapping the angle 
data sequences to transformed point sequences in a two-dimensional normal space [a,b] x [c,d] on the basis of trans- 

30 formation parameters; quantization means for calculating an initial space division width on the basis of tiie code number 
or the quantization precision, dividing the two-dimensional normal space into partial spaces using the initial space divi- 
sbn width, and encoding points In tiie transformed point sequences included in each partial space using an aritfimetic 
expression to generate code sequences; and data output means for outputting compressed data comprising the trans- 
formation parameters employed by the data mapping means, parameters of the arithmetic expression empfoyed for the 

35 encocfing, and the code sequences. 

According to a twenty-fourth aspect of the present inverrtion, tiiere is provided a shape data decompression appa- 
ratus for deconpressing compressed shape data of an object, employed for image generation by threedimenslonal 
computer graphics, and the apparatus comprises data Input means for inputting compressed shape data of an object; 
inverse transformation nrieans for inversely transforming code sequences of the compressed shape data, using a code 

40 book which is used at encoding, to generate transformed point sequences mapped to a one-dimensional normal space 
[a.b]; and inverse quantization means for inversely mapping the transformed sequences obtained by the inverse trans- 
formation in the first stage, and outputting one of three-dimensional coordinate point sequence data and two-dimen- 
sional coordinate point sequence data. 

According to a twenty4rfth aspect of the preserrt invention, there is provided a shape data decompression appara- 

45 tus for decompressing compressed shape data of an object, employed for Image generation by tiiree-dimensional com- 
puter graphics, wherein the compressed shape data is obtained by, using an aritiimetic expression, encoding points of 
transformed point sequences in each of partial spaces, into which a one<limensional normal space is divided, the par- 
tial space having a division widtii determined by one of a code numt>er and a quantization precision used at encocfing; 
and the apparatos comprises inverse transformation means for inversely transfomrting code sequences of the com- 

50 pressed shape data, using an arithmetic expression that is an inverse of tiie aritiimetic expression employed at encod- 
ing, to generate transformed point sequences mapped to a one-dimensional normal space [a,b]; and inverse 
quantization means for inversely mapping the transformed sequences obtained by the inverse transformation in tiie first 
stage, arxJ outputting one of three-dimensional coorcfinate point sequence data and two-dimensional coordinate point 
sequence data. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 1 is a block diagram illustrating a shape data compression apparatus according to the present invention 
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Figure 2 is a block diagram of the shape data compression apparatus in the processing level. 

'^' Figure 3 is a flowchart of a shape data compression method according to a first embodiment of the iiiverition: ■ 
Figure 4 is a diagram for explaining a process for transforming sequences of coordinate values to a one-dimen- 
sional normal space. 

5 Figure 5 is a flowchart of a shape data compression method according to a second embodiment of the invention. 

Figure 6 is a flowchart of a shape data compression method according to a third embodiment of the invention. 

Figure 7 is a flowchart of a shape data compression method according to a fourth embodiment of the invention. 

Figure 8 is a flowchart of a shape data conrpression method according to a fifth embodiment of the invention. 

Figure 9 is a flowchart of a shape data compression method according to a sixth embodiment of the invention. 
10 Figure 1 0 is a flowchart of a shape data compression method according to a seventh embodiment of the invention. 

Figure 1 1 is a flowchart of a shape data compression method according to an eighth embodiment of the invention. 

Figure 12 is a diagram illustrating a structure of Input shape data. 

Figures 13(a) and 13(b) are diagranrts illustrating structures of compressed shape data. 

Figure 14 is a diagram for explaining space division functions for dividing a normal space into partial s|>aces. 
15 Figure 15 is a block diagram shewing a schematic structure of a shape data deconrpression apparatus »xx>rding 
to a ninth embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
20 [Embodiment 1] 

Figure 1 is a block diagram illustrating a structure of a shape data compression apparatus according to a first 
embodiment of the present invention. The shape data compression apparatus comprises a program storage memory 
10 storing a program used for compression, a RAM (Random Access Memory) 1 1 storing a processing result and a 
25 CPU (Central Processing Unit) 12 controlling the program storage memory 10 and the RAM 11. Ttiese nnemory 10, 
RAM 11, and CPU 12 are connected with each other through a data bus 13. Further, an external storage unit 14 for 
fetching the oorrtent of the RAM 1 1 and reading information, such as a program, from the outside is connected to the 
CPU 12. 

Figure 2 is a block diagram illustrating the shape data compression apparatus in its process level. In figure 2, Ml 
30 is a data input means. M2 is a data transformation means, M3 is a quantizatfon means, and M4 is a code conversion 
means. 

Figure 3 is a flowchart showing process steps in a shape data compression method according to the first embodi- 
merrt of the invention. As shown in figure 3, the whole process consists of first to sixth stages. TTie first stage comprises 
steps 1 and 2, the second stage comprises steps 3 and 4, the third stage comprises steps 5. 6. 7, and 8, the fourth 
35 stage comprises steps 9 and 10, the f iftti stage comprises step 1 1 . and the sixth stage comprises step 1 2. 

Hereinafter, the respective steps will be described in detail. 

In step 1 . shape data, code number, and quantization precision are input Target shape data is given by a format 
shown in figure 1 2. That is, the shape data is composed of tiie following sequences: a sequence of points on the surface 
of an object (a sequence of three-dimensional coordinate points), a sequence of normal vectors (a sequence of three- 

40 dimensional vectors), a sequence of texture coordinate points (a sequence of two-dimensional coordinate points or a 
sequence of three-dimensional coordinate points), and a sequence of indexes. Afthough the respective sequences are 
clearly separated in figure 12, when identifications shewing the kinds of data forming tiie sequences, i.e.. point 
sequences, nomnal vectors, and texture coordinates, are added, a format in which ttiese data are mixed may be used. 
It is seldom that indexes of sequences are clearly expressed. Usually, they are expressed by an agreement that 

45 "indexes are given to the respective sequences in the shape data from the uppernrost one downvrard". 

In step 2. from the shape data, tiie tiiree-dimensional coordinate point sequence or the two-dimensional coordinate 
point sequence is re^ as sequences of respective coordinate values. To be specific, in tiie shape data, the tiiree- 
dimensional coordinate point sequence of tiie points on tiie surface of the object and tiie texture coordinate point 
sequence are regarded as processing targets, and reading is carried out so that these coordinate point sequences are 

50 divided into sequences of respective coordinate values. However, when plural data are mixed in the shape data, reading 
is carried out while identifying each data with the identifiers given to the respective data. 

In step 3. parameters for transforming the coordinate value sequences read in step 2 to a one-dinrtensional normal 
space [a,b] are calculated. Parameters employed here are a parallel moving anrount and a scale conversion amount. 
Witti respect to ttie parallel moving amount, a mean value of coordinate values in each coordinate value sequence is 

55 obtained, and (mean value)-(a+b)y2 is given as a parallel moving amount of each coordinate value sequence. Witii 
respect to the scale conversion amount, when different scale conversion anrwunts are used for tiie respective coordi- 
nate values, a maximum value m of absolute values of coordinate values in each coordinate value sequence is 
obtained, arxl (b-a)/2m is given as a scale conversion amount for each coordinate value sequence. When a comnrx)n 
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scale conversion amount is used for all the coordinate values, a maximum value M of the maximum values m of the 
'respective eoordinale value sequences is obtained; and (t)- a)/2M is given as a common scale conversion amount. 

In step 4, the coordinate value sequences are transformed (mapped) to a one<limensional normal space to gener- 
ate sequences of transformed points. A transformation formula is given by (scale conversion amount) x x-(parallel mov- 
5 ing amount), wherein x is the coordinate value to be transformed. The scale conversion amount and the parallel moving 
anxxjnt employed in the transformation formula are those obtained in step 3. This transformation formula is applied to 
the respective coordinate value sequences to obtain transformed sequences. The order of the coordinate value 
sequences is stored. 

Rgure 4 is a diagram for explaining the process of transforming the coordinate value sequences to a one-dimen- 
10 sfonal normal space. In figure 4, coordinate values are anranged in the horizontal direction, and a column of coordinate 
values from 0 to n is processed as a single coordinate value sequence. The coordinate values In each coordinate value 
sequence are transformed according to the akxTve-mentioned transformation formula, generating sequences of trans- 
formed points. 

In step 5, the one-dimensional normal space is divided into partial spaces (sut>-inten/als). In the bop from step 5 
15 to step 8, an initial division width Is given by (quantization precision) x (scale conversion amount). From the second divi- 
sion fonvard, a division width decided in step 8, which will be described later, is used. 

In step 6. distrltxjtion of the transfomried point sequences In each partial space }s investigated. To be specific, the 
number of transformed point sequences included in each partial space is obtained. At this time, an identifier to discrim- 
inate between a partial space where the distribution Is not 0 and a partial space where the distribution is 0 is given to 
20 each partial space. 

In step 7. according to the identifiers given to the respective partial spaces in step 6, the number of partial spaces 
where the distributfon is not 0 is counted, and the number is compared with the code number which is input in step 1 . 
When the number of partial spaces where the distritxition is not 0 is larger than the input code number, step 8 is exe- 
cuted. 

^ In step 8, the division width Is changed by adding a small amount to the original division width. This small amount 
is determined on the t>asis of the initial division width. For example, 5% of the initial division widtii is added. 

In step 7, when the number of partial spaces where the distribution Is not 0 is smaller than the input code number, 
step 7 is followed by step 9. In step 9, for each partial space where the distribution is not 0, a mean value of distribution 
is obtained. 

30 In step 10, mean values of respective partial spaces obtained in step 9 are regarded as representatives of these 
partial spaces, and the representatives are coded using any of the following coding methods. 

G) Code 0 is assigned to tiie partial space where the disbitxjtlon is not 0, which Is nearest to (a+b)y2 . For the other 
partial spaces v^ere the distribution is not 0, codes 1 to n-1 (n = number of partial spaces where the distribution is 
35 not 0) are assigned alternately to tiiose before and after the partial space of code 0. 

® Codes 0 to n-1 are assigned to partial spaces where the distributfon is not 0, from one nearest to a toward b. 
® Codes 0 to n-1 are assigned to partial spaces where the distribution is not 0, from one nearest to b toward a. 

The result of the above-mentioned processing is stored as a code block. In tiie coding method fl), decision of dis- 

40 tance, i.e., nearness to (a4b)/2 , is based on the smallest value of differences between all the elements in the partial 
space and ttie absolute value of (a+b)/2 . 

In step 1 1 , the codes assigned in step 1 0 are given to tiie trar^sformed point sequences distributed in the respective 
partial spaces to generate code sequences of the respective coordinate values. These code sequences are generated 
according to tiie order of the coordinate value sequences stored in step 4. 

45 In step 1 2, compressed data comprising the transformation parameters obtained in step 3, the code book obtained 
in step 10, and tiie code sec^ences is output. 

As described atx)ve. according to the first embodiment of the present invention, a three-<fimenslonal coordinate 
point sequence or a two-dimensional coordinate point sequence, which shows an object shape, is transformed to point 
sequences in a one-dimensional normal space, and the one-dimensional normal space is divided into partial spaces 

50 (suk>-intervals). Then, distribution of the transformed point sequences in each sutHnterval is investigated, and the divi- 
sion width of the sub-intervals is appropriately changed. Then, mean values of coordinate values of point sequences in 
the respective sub-inten^als at a decided division width are encoded and, on the t>asis of the codes so obtained, tiie 
respective transformed point sequences are encoded. Therefore, one coordinate can be expressed by bits of the code 
number in tiie code book. When shape data which Is given as floating points or double-precision floating points and 

55 requires a data region of 32 bits or 64 bits for one coordinate or element is subjected to shape data compression 
according to the present Invention, one coordinate value can be expressed by a bit number equal to the code number, 
arthough 96 bits per point is required in case of a three^imensional coordinate whose coordinate value is given by 32 
bits. Therefore, according to the inventfon. shape data conpression is possible when the code number is smaller than 
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32 brts. As a result shape data expressing an object having complicated surfaces can be compressed with high eff 1- 

In actual measurement, when shape data of an object (human being) having 13219 points on its surface Is proc- 
essed, a code number of 9 bits for each coordinate, i.e., 512, secures a result that is visually equal to the original shape. 
5 With respect to numerical data, a maximum error appears only in the second place below the decimal point. In this 
case, the compression ratb to this data is about 27/96. 

[Embodiment 2] 

^0 A shape data compression method according to a second embodiment of the present invention will be described 
with reference to figure 5. Figure 5 is a flowchart for explaining process steps in the shape data compression method. 
As shown in figure 5, the whole process consists of first to seventh stages. Tlie first stage comprises steps 1 and 2, the 
second stage comprises steps 3 and 4, the third stage corrprises steps 5, 6, 7, and 8. the fourth stage comprises steps 
9 and 1 0, the fifth stage comprises step 1 1 , the sixth stage comprises step 13, and the seventh stage comprises step 

15 12a. 

Steps 1 to 1 1 are identical to those already described with respect to the first embodiment and. therefore, do not 
rec^ire repeated description. Steps 13 and 12a will be described in detail hereinafter. 

In step 13, for the code sequences of the respective coordinate values generated in step 11, run-length compres- 
sion is performed to each coordinate value, generating compressed code sequences. 
20 In step 12a, compressed data conrprising the transformation parameters obtained In step 3. the code book 
obtained in step 10. and the compressed code sec^ences is output 

As described above, according to ttie second embodiment of the present invention, the code sequences otitained 
in step 1 1 are subjected to run-length compression, arxl compressed data comprising the transformation parameters 
obtained In step 3. the code book obtained In step 1 0, and the compressed code sequences is output. Therefore, higher 
25 compression is realized. 

[Embodiment 3] 

A shape data compression method according to a third embodiment of the present invention will t>e described here- 
30 inafter with reference to figure 6. Fgure 6 is a flowchart for explaining process steps In the shaped data compression 
method according to the third embodiment As shown in figure 6. the whole process consists of first to seventh stages. 
The first stage compr^es steps 1 and 2a, the second stage comprises step 60, the third stage comprises steps 3 and 
4. the fourth stage corrprises steps 5. 6, 7, and 8, the fifth stage comprises steps 9 and 10, the sixth stage comprises 
step 1 1 , and the seventh stage comprises step 12b. The respective steps will be described in detail. 
^ Step 1 1s identical to step 1 already desaibed for the first embodiment 

In step 2a, the normal vector sequence (three-dimensional vector sequence) is read from the shape data. When 
plural data are mixed in the shape data, reading is carried out while identifying each data using identifiers given to the 
respective data. 

In step 60, each vector In the three-dimensional vector sequence is normalized to length 1, and each normalized 

40 vector is transformed to a polar coordinate, providing two angles respectively formed with the x axis and the z axis. As 
a result, sequences of two angle data are generated. The original order is stored. 

In step 3. parameters for trar\sfbrming the angle data sequences generated In step 60 to a one-dimensional nornrtal 
space [a.b] are calculated. A parallel moving amount and a scale conversion amount are the parameters. To obtain the 
parallel moving anrKHjnt, a mean value of angle data in each angle data sequence is calculated, and 

45 (mean value)-(a+b)/2 is given as a parallel moving amount of each sequence. The scale conversion amount Is 
obtained as follows. When different scale conversion amounts are used for the respective angle data, a maximum value 
m of at>solute values of angle data In each angle data sequence is obtained, and (b-a)/2m is given as a scale conver- 
sion arrwunt for each sequence. When a common scale conversion anmunt is used for the respective angle data, a 
maximum value M of the maximum values m of the respective angle data sequences is obtained, and (b-a)/2M is given 

50 as a common scale conversion amount. 

In step 4, the respective angle data sequences are transformed to a one-dimensional normal space to generate 
sequences of transformed points. A transformation formula is given by (scale conversion amount) x x-(parallel proving 
amount), wherein x is the angle to be transformed. The scale conversion amount and the parallel moving anwunt 
employed in the transformation formula are those obtained in step 3. This transformation formula is applied to the 

55 respective coordinate value sequences to otrtain transformed sequences. The order of the angle data sequences Is 
stored. 

Step 5 Is identical to step 5 already described for the first embodiment. In the loop from step 5 to step 8, the initial 
division width is given by (quantization predsfon) x (scale conversion amount). From the second division forward, a divi- 
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sion width decided in step 8 described later is used. 

Step 6 is carried out in the same manner as ste^ ^ r ^ 

Step 7 is carried out in the same manner as step 7 according Id the first embodiment When the number of partial 
spaces where the distribution is not 0 is larger than the initially Input code number, the process proceeds to step 8. 
When the number of partial spaces is smaller than the code number, the process proceeds to step 9. 

Steps 8 to 10 are identical to step 1 1 according to the first embodiment, wherein transformed sequences are gen- 
erated in the order of the angle data sequences stored in step 4. 

In step 12b, compressed data comprising the transft)rmalion parameters obtained in step 3. the code book 
obtained in step 10, and the code sequences generated in step 1 1 is output. 

As described above, accorcfing to the third embodiment of the present invention, the three^jimensional vector 
sequence read in step 2a is transformed to polar coordinates in step 60. whereby two<limensional data sequences 
(sequences of two angle data) are generated. These two<limensionat data sequences are transformed to point 
sequences in a one-dimensional normal space, arxi the one^iimensional normal space is divided into partial spaces 
(sub-intervals). Thereafter, distribution of the transformed point sequences in each sub-interval is investigated, and the 
division width of the sut>-intervals is appropriately changed. Then, mean values of coordinate values of point sequences 
in the respective sub-intervals at a decided division width are encoded, and the transformed point sequences are 
encoded on the basis of the codes of the mean values. Therefore, in case of normal vectors, the data amount is oom- 
pressed to 2/3 by the polar coordnate transformation. As a result, shape data expressing an object having complicated 
surfaces can be compressed with high efficiency 

An experiment was earned out for data having 1 471 2 normal vectors using the data conrpression method according 
to this third embodiment. The result of the experiment is as follows. When the code number ^ 7 bit for each angle data, 
i.e., 128, a shape visually equal to the original shape is obtained. With respect to numerical data, a maximum en^or 
appears only in the second place below the decimal point, in this case, the compression ratio to this data is about 14796. 

[Embodiment 4] 

A shape data compression method according to a fourth embodiment of the present invention will be described with 
reference to figure 7. Figure 7 is a flowchart for explaining process steps in the shaped data compressbn method 
according to the fourth embodimerrt As shown in figure 7. the whole process consists of first to fourth stages. The first 
stage comprises steps 1 and 2, the second stage comprises steps 3 and 4, the third stage comprises steps 5 and 70. 
and the fourth stage comprises step 12c. 

Hereinafter, these process steps will be described in detail. Steps 1 to 4 are identical to ttx>se already described for 
the first embodiment and. therefore, do not require repeated description. 

In step 5, division of the one-dimensional normal space is performed. When quantization precision is given in step 
1 , the one^limensional normal space is divided into equal sub-intervals using a value obtained by transforming the 
quantization precision with the scale conversion anv>unt calculated in step 3. 

As an example, a divisbn metfxxl when the code number is rvi-1 will be described using figure 14. Initially, the 
absdssa is divided into equal sub-inten^ls, i.e.. sub-intervals, using the code number, and code values are assigned 
to the respective sut>-intervals using the following methods. 

Q) Codes 0 to n are assigned to the sub-intervals, from one nearest to a toward b. 
(g) Codes 0 to n are assigned to the sub-inten^als, from one nearest to b toward a. 

This assignment of codes should be performed so tfiat the sut>-intervals can be calculated from the codes in a sim- 
ple formula, and the assignment method is uniquely decided in advance. 

Hereinafter, function p(x) satisfying the following conditions is called a space divisbn furKtion. 

(J) monotone increasing 
® p(a)=a and p(b)=b 

Division Ixxindaries of the one-dimensional normal space are given by values obtained by assigning values of the 
equal-division boundaries on the absdssa to the space division function p. 

For example, when a linear expression shown in figure 14 is used, the one-dimensional normal space is divided 
into equal sub-intervals. When function f curving upward is used, the division width deaeases from a toward b. Con- 
versely, when function g curving downward is used, the division width increases from a toward b. Further, when function 
h curving upward and downward is used, the division width is narrow in a region near the changing point of the curva- 
ture, and it is wide at both ends. In this way, by selecting a space division function adaptively to input data, various man- 
ners of divisions are realized. As a result, the one-dimensional normal space is divided into partial spaces. In this fourtii 
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embodiment, the space division function is suggestively decided in advance. 

In step 70; when the one-dimensional normal space is divided into equal sub-intervals in step 5; for each element ^^"^^ 
in the transformed point sequences, a sub-interval including the element is obtained. Next, a code value assigned to 
the sub-interval is given to the element, generating a code sequence for each coordinate value sequence. When the 
5 space division function p is used in step 5, since an inverse function of p surely exists, this inverse function is obtained 
first. Then, each element in the transformed point sequences is transformed with the inverse function, and a code value 
assigned to a sub-interval including the transformed value is given to the transformed value, thereby generating a code 
sequence for each coordinate value sequence. 

In step 12c, compressed data comprising the transformation parameters calculated in step 3. the arithmetic param- 
10 eter specifying the space division function p, and the code sequences is output. 

When a plurality of shape data are compressed, a one-dimensional normal space and an arithmetic parameter are 
conmon to all the shapes, and a piece of data describing the arithmetic parameter is stored. In this case, it is not nec- 
essary to add the arithmetic parameter to compressed data of each shape. 

As described atxive, according to the fourth embodiment of the invention, since division of the one-dimensional 
75 normal space is performed using the code nunt}er or quantization precision input in step 1 . formation of a code book 
can be dispensed with. Hence, a high compression ratio is achieved even when a code book changes for every data, 
and the calculation speed is increased. 

[Embodiment 5] 

20 

A shape data compression method according to a fifth embodiment of the invention will be descrit>ed using figure 
8. Rgure 8 is a flowchart for explaining process steps in the shaped data compression method according to the fifth 
embodinrrent. As shown in figure 8. the whole process consists of first to fifth stages. The first stage comprises steps 1 
and 2a. the second stage comprises step 60. the third stage corrprises steps 3 and 4. the fourth stage comprises steps 
25 5 and 70. and the fifth stage comprises step 12d. 

Hereinafter, these process steps will be described in detail. Steps 1 through 5 are identical to those already 
descrbed for the third embodiment and. therefore, do not require repeated description. 

In step 70, when the one-dimensional normal space has been divided into equal intervals in step 5. for each ele- 
ment in the transformed point sequences, a sub-irrterval including the element is obtained. Next, a code value assigned 
30 to the interval is given to the element, generating a code sequence for each angle data sequence. When the space divi- 
sion function p is used in step 5, since an inverse function of p surely exists, this inverse function is obtained first. Then, 
each element in the transformed point sequences ^ transformed with the inverse function, and a code value assigned 
to an interval including the transformed value is given to the transfonned value, thereby generating a code sequence 
for each angle data sequence. 

35 In step I2d, compressed data comprising the transfornr)ation parameters calculated in step 3, the space division 
function (arithmetic expression), and the code sequences is output 

As described atx>ve. according to the fifth embodinoent of the invention, after reading the three-dimensional vector 
sequence as in the method according to the fourth embodiment this vector sequence is transformed to polar coordi- 
nates in the same manner as step 60 according to the third embodiment, so that formation of a code book can be dis- 

40 pensed with. Hence, a high compression ratio is achieved even when a code book changes for every data, and the 
calculation speed is increased. In addition, in case of normal vectors, the data amount is compressed to 2^ by the polar 
coordinate transformation. As a result shape data expressing an object having connplicated surfaces can be com- 
pressed with high efficierYcy 

45 [Embodiment 6] 

A shape data compression method according to a sixth embodiment of the present invention will be described 
using figure 9. Figure 9 is a ffowchart for explaining process steps in the data compression method according to this 
sixth embodiment. In figure 9, the whole process consists of first to fourth stages. The first stage comprises steps 1 and 
50 2b, the second stage comprises steps 90 and 91 . the third stage conprises steps 92 and 70. and the fourth stage com- 
prises step 12e. 

Step 1 is carried out in the same manner as step 1 according to the first embodiment. However, the code number 
and the quantization error can be independently given to each coordinate. 

In step 2b. from the shape data, the three-dimensional coordinate point sequence is read as sequences of respec- 
55 tive coordinate values. To be specific, in the shape data, the three-dimensional coordinate point sequence of points on 
the surface of the object and the three-dimensional texture coordinate point sequence are regarded as processing tar- 
gets, and reading is carried out so that these coordinate point sequences are divided into sequences of respective coor- 
dinate values. When plural data are mixed in the shape data, reading is carried out wtiile identifying each data using 



13 



EP0 822 516 A2 



identifiers given to the respective data. 

In step 90; parameters for transformirig the three<Jimensional step 2b to a' 

three-dimensional normal space [a.bj x [cdj x [e,f] are calculated. The parameters are a parallel moving amount and 
a scale conversion amount. To obtain the parallel moving amount, a mean value of coordinate values in each coordinate 
value sequence is calculated, and (mean value of first coordinate)-(a+b)/2 . (mean value of second coordinate)- 
(c+d)/3 , and (mean value of third coordinate)- (e+f)f2 are given as a parallel moving amount for each coordinate value 
sequence. With respect to the scale conversion amount, a maximum value m of absolute values of coordinate values 
in each coordinate value sequence is obtained, and different scale conversion amounts are used for the respective 
coordinate values. 

In step 91 , the respective coordinate value sequences are transformed to a three-dimensional normal space, gen- 
erating transformed point sequences. A transformation formula is given by (scale conversion amount) x x-(parallel mov- 
ing amount), wherein x is the coordinate value to be transformed. The scale conversion amount and the parallel moving 
amount errployed in the transformation formula are those obtained in step 90. This transformation formula is applied to 
the respective coordinate value sequences to obtain transformed sequences. The order of the coordinate value 
sequences is stored. 

In step 92, for each of the transformed sequences, the same process as step 5 according to the fourth embodiment 
is performed. Accordingly, when equal-division using the quantization precision is not enptoyed, at most three space 
division functions are required. 

In step 70, for each of the transformed sequences, the same process as step 70 according to the fourth ennbodi- 
ment is performed using inverse matrix functions of the space division functions used In step 92, generating code 
sequences. Also in the case of employing equal-division using the quantization en-or, the same process is carried out. 
At this tinrie. the order of the code sequences is the same as the order of the original coordinate value sequences. 

In step 12e, compressed data corrprising the transformation parameters for the respective coordinates calculated 
in step 90, the arithmetic parameters specifying the space division function p, and the code sequences is output 

As described atx)ve, according to the sixth embodiment of the present invention, the three-dimensional coordinate 
point sequence read in step 2b is transformed to point sequences in a three-dimensional normal space in steps 90 and 
91. Then, the three<limensional normal space is divided into partial spaces (sub-intervals), and code sequences are 
generated for the respective coordinate value sequences using arithmetic expression. Therefore, shape data express- 
ing an object having complicated surfaces can be compressed with high efficiency. 

[Embodiment 7] 

A shape data corrpression method according to a seventh embodiment of the present inventfon will be described 
using figure 10. Rgure 10 is a flowchart for explaining process steps in the data corrpression method according to this 
seventh embodiment In figure 10. the whole process consists of first to fourth stages. The first stage conrprises steps 
1 and 2c, the second stage conrprises steps 100 and 101 , the third stage conrprises steps 102 and 70, arxi the fourth 
stage conrprises step 12f. 

Step 1 is carried out in the same manner as step 1 according to the first embodiment However, the code number 
and the quantization error can be irKleperxtently given to each coordinate value. 

In step 2c, from the shape data, the two-dimensional coordinate point sequence is read as sequences of respective 
coordinate values. To be specific, in the shape data, the twodimensional texture coordinate point sequence is regarded 
as the processing target and reading is earned out so that the torture coordinate point sequence is divided into 
sequences of respective coordinate values. When plural data are mixed in the shape data, reading is carried out while 
identifying each data using identifiers given to the respective data. 

In step 100, parameters for transforming the two-dimensional coordinate point sequences read in step 2c to a two- 
dimensional normal space [a.b] x [c.dj are calculated. The parameters are a parallel moving amount and a scale con- 
version amount. To obtain the parallel moving amount, a mean value of coordinate values in each coordinate value 
sequence is calculated, and (mean value of first coordinate)-(a4b)/2 and (mean value of second coordinate)- (c«J)y3 
are given as a parallel nwving amount for each coordinate value sequence. With respect to the scale conversion 
anwunt, a maximum value m of absolute values of coordinate values in each coordinate value sequence is obtained, 
and different scale conversion anfX)unls are used for the respective coordinate values. 

In step 101. the respective coordinate value sequertces are transformed to a two-dimensional normal space, gen- 
erating transformed point sequences. A transformation formula is given by (scale conversion amount) x x-(parallel mov- 
ing anrx)unt), wherein x is the coordinate value to be transformed- The scale conversion amount and the parallel nrK>ving 
amount enployed in the transformation formula are those obtained in step 100. This transformation formula is applied 
to the respective coordinate value sequences to otrtain transformed sequences. The order of the coordinate value 
sequences is stored. 

In step 102, for each of the transformed sequences, the same process as step 5 according to the fourth embodi- 
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ment is performed. Accx)idingly. when equal-division using the quantization precision is not employed, at nnost tvwo 
space division functions are ^equired^ - ^ v . , . . . ^ . ^ : .^^^^^ ^.^ . ^ ^o. ;^ . 

In step 70. for each of the transformed sequences, the same process as step 70 according to the fourth embodi- 
ment is performed using inverse matrix functions of the space division functions used in step 92, generating code 
sequences. Also in the case of employing equal-division using the quantization error, the same process is carried out. 
At this time, the order of the code sequences is the same as the order of the original coordinate value sequences. 

In step 12f, compressed data conrprising the transformation parameters for the respective coordinates calculated 
In step 100, the arithmetic parameters specifying the sp^e division function p, and tiie code sequences is output. 

As described above, according to the seventh embodiment of the invention, the twa<limensional coordinate point 
sequence read in step 2c is transformed to point sequences in a two-dimensional normal space in steps 100 and 101 . 
Then, the two-dimensional normal space is divided into partial spaces (sub-intervals), and code sequences are gener- 
ated for the respective coordinate value sequences using arithmetic expression. Therefore, shape data expressing an 
object having complicated surfaces can be compressed with high efficiency. 

[Embodiment 8] 

A shape data compression method according to an eighth embodiment of the present invention will be descritjed 
using figure 1 1 . Rgure 11 is a flowchart for explaining process steps in tiie data corrpression method according to this 
eighth embodiment In figure 11 , the whole process consists of first to fifth stages. The first stage comprises steps 1 
and 2a. tiie second stage conrprises step 60, the tNrd stage comprises steps 1 00 and 1 01 , tiie fourtii stage comprises 
steps 1 02 and 70. arxi the f iftii stage comprises step 12f. 

Steps 1 through 60 are identical to those already descritsed for the third embocfiment and, therefore, do not require 
repeated description. 

In step 100, parameters for transforming tiie sequences of two angle data generated in step 60 to a twodimen- 
sional normal space [a.b] x [c,d] are calculated. The parameters are a parallel moving amount arxi a scale conversion 
amount To obtain the parallel moving amount, a mean value of angle data in each angle data sequence is calculated, 
and (mean value of first angle data sequence)-(a-^b)^ and (mean value of second angle data &equence)-(c4d)/3 are 
given as a parallel moving anx>unt for each angle data sequence. With respect to tiie scale conversion amount, a max- 
imum value m of at}solute values of angle data in each angle data sequence is obtained, and different scale conversion 
anrwunts are used for the respective angle data sequences. 

In step 101. the respective angle data sequences are transformed to a two-dimensional normal space, generating 
transformed point sequences. A transfonmation formula is given by (scale conversion amount) x x-(parallel nrK>ving 
armunt). wherein x is the angle data value to be transformed. The scale conversion amount and the parallel nnoving 
amount employed in the transformatfon formula are those obtained in step 100. This transformation formula is applied 
to the respective angle data sequences to obtain transformed sequences. TTie order of the angle data sequences is 
stored. 

Steps 1 02 through 1 2f are identical to steps 1 01 through 1 2f according to the seventh embodiment of the invention. 

As described above, according to the eighth embodiment of the invention, the three-dimensional vector sequence 
read in ^ep 2a is transformed to polar coordinates in step 60. and the polar coordinates are transformed to point 
sequences in a two-dimensional normal space in steps 100 and 101. Then, the two^imensional normal space is 
divided into partial spaces (sub-intervals), and code sequences are generated for the respective coordinate value 
sequences using arithmetic expression. Therefore, shape data expressing an object having complicated surfaces can 
be compressed with high efficiency. 

By appropriately combining the compression according to this eighth embodiment, in the shape data shown in fig- 
ure 12, the three-dimensfonal coordinate point sequence on the surface of the object, the normal vector sequence, and 
the texture coordinate point sequence can be individually compressed. Therefore, for a piece of shape data, com- 
pressed shape data in a format shown in figure 13(a) or 1 3(b) can t>e output. Furtiier, when applied to plural pieces of 
shape data, plural pieces of compressed shape data are ot}tained. However, when a common normal space and a com- 
mon arithmetic expression are employed, arithmetic parameters shown in figure 13(b) can be renwed from the com- 
pressed shape data on condition that an aritiimetic parameter is separately stored. 

When shape data has t>een corrpressed using a code booK decoding of the shape data is can-ied out according 
to the code book. In case of using arithmetic ^ression, a corresponding sub-interval is calculated from the code 
number as mentioned above, and a representative point (for exarrple, a middle point) of the sub-interval is transformed 
using a space division function that can be calculated from the arithmetic parameter, whereby decoding ^ carried out. 
However, if the shape data has been subjected to run-lengtii compression as well, ordinary decoding for the run-length 
conrpression must be carried out before the atxive-mentioned decoding. 
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[Embodiment 9] 

A shape data decompression apparatus according to a ninth entxxJiment of the invention will be described with 
reference to figure 15. Rgure 15 is a block diagram illustrating a shape data decompression apparatus according to this 
ninth embocfiment. In figure 15, a data input means M6 receives compressed data. An inverse quantization means M7 
inversely quantizes the input compressed data using a code book or arithmetic expression employed in the data com- 
pression process. An inverse transformation means M8 inversely transforms the inversely quantized data to the original 
three-dimensional coordinate point sequence, two-dimensional coorcfinate point sequence, or three-dimensional vector 
sequence by performing an inverse process of the data transformation performed in the compression process. 

Using the shape data decompression apparatus so constructed, shape data, which has been compressed by the 
shape data compression apparatus (method) according to any of the first to eighth embodiments, is decoded. 

When shape data, which has been subjected to run-length compression as described lor the second embodiment, 
is decoded, decompression of the run-length compression must be carried out before the inverse quantization. 

In the aforementioned embodiments of the invention, the compression ratio is calculated on tiie assumption that 
binary data is output. However, even in case of outputting data in ASCII format sirx;e the data, which is a real number, 
can be output as an integer equal to the code number, a code which is expressed by 9 bits for each coordinate is 
expressed as a number of three digits at most. So, when the original number is given by 8 significant digits, compres- 
sion to 3/8 is realized. 

Furthermore, if high precision is not required of shape data after reproduction, the code number can be reduced, 
whereby the compression ratio is further increased. Consequently, according to the shape data compression method 
of tiie present invention, the compression ratio can be contix>lled by the code number or the quantization precision, and 
this is an advantage of the present invention. 

Claims 

1. A shape data compression method employed for image generation by three-dimensional computer graphics, in 
which shape data of an object given by one of a three-dimensional coordinate point sequence and a two-dimen- 
sional coordinate point sequence is processed, said method comprising: 

first stage of inputting a code nurTt>er and a quantization predsion for encoding one of the three-dimensional 
coordinate poirrt sequence data and the two-dimensional coordinate point sequence data, and reading the 
coordir^te point sequence data; 

second stage of mapping the coordinate point sequence data to transformed point sequences in a on&dimen- 
sional normal space [a,b] on the basis of transformation parameters; 

third stage of calculating an initial space division width on the basis of tiie quantization precision, dividing the 
one-dimensional normal space into partial spaces using tiie initial space division width, analyzing distribution 
of the transformed point sequences in each partial space, deciding a division width by adaptively changing the 
initial division wtdtii so tfiat the number of partial spaces where the distritxition is not 0 is approximately equal 
to the code number, arxJ calculating the distribution of the transformed point sequences in each partial space 
at the decided division width; 

fourth stage of obtaining, for each of the partial spaces wherein the distribution is not 0, a mean value of coor- 
dinate values of transformed point sequences distributed in the partial space, and encoding the mean values 
to produce a code txx>k; 

frfth stage of encoding the transformed point sequences according to the code book to generate code 
sequences; and 

sixth stage of outputting compressed data conprising the transformation parameters used for the data map- 
ping in the secorxJ stage, the code booK and the code sequences. 

2. A shape data compression method employed for image generation t>y three-dimensional computer graphics, in 
which shape data of an object given by one of a three-dimensional coordinate point sequer^ce and a two-dimen- 
sional coordinate point sequence is processed, said method comprising: 

first stage of inputting a code number and a quantization precision for encoding one of the three<limensional 
coordinate point sequence data and tiie two-dimensional coordinate point sequence data, and reading tiie 
coordinate point sequence data; 

second stage of mapping the coordinate poirrt sequence data to transformed point sequences in a one-dimen- 
sional normal space [a,b] on the basis of transformatk>n parameters; 

third stage of calculating an initial space division width on the basis of the quantization precision, dividing the 
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on&dimensional normal space into partial spaces using the initial space division width, analyzing distribution 
* . . of the transformed point sequences in each partial space, deciding a division width by adaptively xhariging the -^^^^ ^ - 

initial division width so that the number of partial spaces where the distribution is not 0 is approximately equal 
to the code number, and calculating the distribution of the transformed point sequences in each partial space 
s at the decided division width; 

Iburtii stage of obtaining, for each of the partial spaces wherein the distribution is not 0, a mean value of coor- 
dinate values of transformed point sequences distrttxited in the partial space, and encoding the mean values 
to produce a code book; 

fifth stage of encoding the transformed point sequences according to the code book to generate code 
10 sequences; 

sixth stage of performing run-length conrpressbn to the code sequences; and 

seventh stage of outputting compressed data comprising the transformation parameters used for the data 
nnapping in the second stage, the code fcxx>K and the run-lengtti compressed code sequences. 



15 3. A shape data compression method empbyed for image generation by three-dimensional conr¥)uter graphics, in 
which shape data of an object given by a thre&dimensional vector sequence is processed, said method compris- 
ing: 



first stage of inputting a code number and a quantization precision for encocOng the three<limensional vector 
20 sequence data, and reading the three-dimensional vector sequence data; 

second stage of transforming the three-dimensional vector sequence data to data sequences of two angles 
obtained when expressed by polar coordinates; 

third stage of mapping the angle data sequences to transformed point sequences in a one-dimensional normal 
space [a,b] on tiie basis of transformation parameters; 

25 fourth stage of calculating an initial space division width on the basis of the quantization precision, dividing the 

one-dimensional normal space into partial spaces using the initial space division width, analyzing distribution 
of the transformed point sequences in each partial space, deciding a division width by adaptively changing the 
initial division width so that the number of partial spaces where the distribution ^ not 0 is approximately equal 
to the code number, and calculating the distribution of the transfonmed point sequences in each partial space 

30 at the decided divisbn width ; 

fifth stage of obtaining, for each of the partial spaces wherein the distritxJtion is not 0. a mean value of coordi- 
nate values of transformed point sequences distributed in tiie partial space, and encoding the mean values to 
produce a code book; 

sixth stage of encoding the transformed pwint sequences according to the code book to generate code 
35 sequences; and 

seventh stage of outputting connpressed data comprising the transtbrnnation parameters used for the data 
mapping in the third stage, the code booK and the code sequences. 



4. A shape data compression method employed for image generation by three<limensional conrputer graphics, in 
40 which sfiape data of an object given by a three-dimensional vector sequence is processed, said method compris- 
ing: 



first stage of inputting a code number and a quantization precision for encoding the three-dimensional vector 
sequence data, and reading the three-dimensional vector sequence data; 
45 second stage of transforming the three-dimensional vector sequence data to data sequences of two angles 

obtained when expressed by polar coordinates; 

third stage of mapping the angle data sequences to transformed |30int sequences in a one-dimensional rx)rmal 
space [a,b] on tiie basis of transformation param^ers; 

fourth stage of calculating an initial space division width on the basis of the quantization precision, dividing the 
50 one-dimensional normal space into partial spaces using the initial space division width, analyzing distribution 

of the tiansformed point sequences in each partial space, dedcOng a diviswn width by adaptively changing tiie 
initial division width so that the number of partial spaces where the distribution is not 0 is approximately equal 
to the code number, and calculating the distiribution of tiie transformed point sequences in each partial space 
at the decided division widtii; 

55 fifth stage of obtaining, for each of the partial spaces wherein the distritxjtion is not 0. a mean value of coordi- 

nate values of transformed point sequences distributed in the f>artial space, and encoding the mean values to 
produce a code txx)k; 

sixth stage of encoding tiie transformed point sequences according to tiie code book to generate code 
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sequences; 

' - swerrth stage of pertormihg rUn-length compression of the code sequences; ' " ^ » t> / 5-.. 
eighth stage of outputting compressed data comprising the transformation parameters used for the data map- 
ping In the third stage, the code book, and the run-length compressed code sequences. 

A shape data compression method employed for image generation by three-dimensional computer graphics, in 
which shape data of an object given by one of a three^iimensional coordinate point sequence arxj a two-dimen- 
sional coordinate point sequence is processed, said method comprising: 

10 first stage of inputting one of a code number and a quantization precision for encoding one of the three<limen- 

sional coordinate point sequence data and the two-dimensional coordinate point sequence data, and reading 
the coordinate point sequence data; 

second stage of mapping the coordinate point sequence data to transformed point sequences in a one<limen- 
sional normal space [a.b] on the basis of transformation parameters; 
15 third stage of calculating an initial space division width on the basis of the code number or the quantization pre- 

cision, divicfing the one-dimensional normal space into partial spaces using the initial space div^ion width, 
encoding points In the transformed point sequences included in each partial space using an arithmetic expres- 
sion to generate code sequences; and 

fourth stage of outputting compressed data comprising the transformation parameters employ^ c^^ta 
20 mapping in the second stage, parameters of the arithmetic expression ennployed In the third stage, and the 

code sequences. 

6. A shape data compression method employed for image generation by three<limensional computer graphics, in 
which shape data of an object given t>y one of a three-dimensional coordinate point sequence and a two^jimen- 
25 sional coordinate point sequence is processed, said method comprising: 

first stage of inputting one of a code number and a quantization precision for encoding one of the three-dimen- 
sional coordinate point sequence data and the two-dimensional coordinate point sequence data, and reading 
the coordinate point sequence data; 

second stage of mapping the coordinate point sequence data to transformed point sequences in a one-dimen- 
sional normal space [a.b] on the basis of transfbnmation parameters; 

third stage of calculating an Initial space division width on the basis of the code number or the quantization pre- 
cision, divicfing the one-dimensional normal space into partial spaces using the initial space division width, 
encoding points In the transformed point sequences included in each partial space using an arithmetic expres- 
sion to generate code sequences; 

fourth stage of performing run-length compression to the code sequences; and 

fifth stage of outputting compressed data comprising the transformation parameters errtployed for the data 
mapping In the second stage, parameters of the arithmetic expression employed in tiie third stage, and tiie run- 
length compressed code sequences. 

A shape data compression method employed for image generation by three-dimensional computer graphics, in 
which shape data of an object given by a three-dimensional vector sequence is processed, said method compris- 
ing: 

45 first stage of inputting one of a code number and a quantization precision for encoding the three-dimensional 

vector sequence data, and reading the three<iimensional vector sequence data; 

second stage of transforming the three-dimensional vector sequence data to data sequences of two angles 
obtained when expressed by polar coordinate; 

third stage of mapping the angle data sequences to transformed point sequences in a one-din^nsional normal 

50 space [a,b] on the basis of transformation parameters; 

fourth stage of calculating an initial space division width on the basis of the code number or the quantization 
precision, dividing the one-dimensional normal space into partial spaces using the initial space division width, 
encoding points in the transfonned point sequences included in each partial space using an arithmetic expres- 
sion to generate code sequences; and 

55 fifth stage of outputting compressed data comprising the transformation parameters employed for the data 

mapping in tiie tiiird stage, parameters of the arithmetic expression employed in the fourtfi stage, and the code 
sequences. 
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8. A shape data cx)mpression method employed lor image generation by three-dimensional computer graphics, in 

; which shape data^^^ Is processed, said method compris- ' 

ing: 

first stage of inputting one of a code number and a quantization precision for encoding the three-dimensional 
vector sequence data, and reading the three<limensional vector sequence data; 

second stage of transforming the three-dimensional vector sequence data to data sequences of two angles 
obtained when expressed by polar coordinate; 

third stage of mapping the angle data sequences to transformed point sequences in a one-dimensional normal 
space [a,b] on the basis of transformation parameters; 

fourth stage of calculating an initial space division width on the basis of the code number or the quantization 
precision, dividing the one-dimensional normal space into partial spaces using the initial space division width, 
encoding points in the transformed poim sequences Included in each partial space using an arithmetic expres- 
sion to generate code sequences; 

fifth stage of performing run-length compression to the code sequences; and 

sixth stage of outputting corrpressed data comprising the transforriDation parameters employed for the data 
mapping in the third stage, parameters of the arithmetic expression employed in the fourth stage, and the run- 
length compressed code sequences. 

9. A shape data compression method employed for image generation by three-dimensional computer graphics, in 
which stiape data of an object given by a three-dimensional coordinate point sequence is processed, said method 
comprising: 

first stage of inputting one of a code number and a quantization prekasion for encoding the three-dimensional 
coordinate point sequence data, and reding the three-dimensional coordinate point sequence data; 
second stage of mapping the three-dimensional coordinate point sequence data to transformed coordinate 
point sequences in a three^Jimensional normal space [a.b] x [c,d] x [e.fl on the t)asis of transfbrnration 
parameters; 

third stage of calculating an initial space division width on the basis of the code number or the quantization pre- 
cision, dividing the three-dimensional normal space into partial spaces using the Initial space division width, 
encoding points in the transformed poirrt sequences included in each partial space using an arithmetic expres- 
sion to generate code sequences; and 

fourth stage of outputting compressed data comprising the transtornnation parameters employed for the data 
mapping in the second stage, parameters of the arithmetic expression employed in the third stage, and the 
code sequences. 

10. A shape data compression method employed for image generation t)y three-dimensional computer graphics, in 
which shape data of an object given by a three-dimensional coordinate point sequence is processed, said method 
comprising: 

first stage of Inputting one of a code number and a quantization precision for encoding the three-dimensional 
coordinate point sequence data, and reading the three-dimensional coordinate point sequence data; 
second stage of nrapping the three<limensional coordinate point sequence data to transformed coordinate 
point sequences in a three-dimensional normal space [a.b] x [c,d] x [e,f] on the basis of ti-ansfbrmation 
parameters; 

tiiird stage of calculating an initial space division width on the basis of the code number or the quantization pre^ 
cision, dividing the three-dimensional normal space into partial spaces using the initial space division width, 
encoding points in the transformed point sequences included in each partial space using an arithmetic expres- 
sion to generate code sequences; 

fourth stage of performing run-length compression to the code sequences; and 

fifth stage of outputting compressed data comprising the transformation parameters employed for the data 
mapping in the second stage, parameters of the arithmetic expression employed in the third stage, and the run- 
lengtii compressed code sequences. 

11. A shape data compression method enployed for image generation by three-dimensional computer graphics, in 
which shape data of an object given by a two-dimensional coordinate point sequence is processed, said method 
conprising: 
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first stage of inputting one of a code number and a quantization precision for encoding the two-dimensional 
" coordinate point sequence data; and reading the two-dimensional coordinate point sequence data;- ^ ~ ;r 
second stage of mapping the twoKJimensional coordinate point sequence data to transformed coordinate point 
sequences in a two-dimensional normal space [a.b] x [c.cQ on the basis of transformation parameters; 
third stage of calculating an initial space division width on the basis of the code number or the quantization pre- 
cision, dividing the two-dimensional normal space into F)artial spaces using the initial space division width, 
encoding points in the transformed point sequences included in each partial space using an arithmetic expres- 
sion to generate code sequences; and 

fourth stage of outputting compressed data comprising the transformation parameters employed for the data 
mapping in the second stage, parameters of the arithmetic expression employed in the third stage, and the 
code sequences. 

12. A shape data compression method employed for image generation by three-dimensional computer graphics, in 
which shape data of an object given by a two^iimensional coordinate point sequence is processed, said method 
corrprising: 

first stage of inputting one of a code number and a quantization precision for encoding the two-dimensional 
coordinate point sequence data, and reading the two-dimensional coordinate point sequence data; 
second stage of mapping the two-dimensional coordinate point sequence data to transformed coordinate point 
sequences in a two-dimensional normal space [a.b] x [c.dj on the basis of transfbrnnation parameters; 
third stage of calculating an initial space division widtii on the basis of the code number or the quantization pre- 
cision, dividing the two-dimensional normal space into partial spaces using the initial space division width, 
erKxxjing points in the transformed point sequences included in each partial space using an arithmetic expres- 
sion to generate code sequences; 

fourth stage of performing run-length compression to the code sequences; and 

fifth stage of outputting compressed data comprising tiie tiansformation parameters employed for the data 
nrrapping in the second stage, parameters of the aritiimetic expression employed in the third stage, and the run- 
length compressed code sequences. 

13. A shape data compression method employed for image generation by three-dimensional computer graphics, in 
which shape data of an object given by a ttiree-dimensional vector sequence is processed, said nnethod compris- 
ing: 

first stage of inputting one of a code number and a quantization precision for encoding the three-dimensional 
vector sequence data, and readng the tfiree-dimensional vector sequence data; 

second stage of transforming the three-dimensional vector sequence data to data sequences of two angles 
obtained when expressed by polar coordinate; 

third stage of mapping tiie angle data sequences to transformed point sequences in a twoKlimensional normal 
space [a,b] x [cd] on the basis of transformation parameters; 

fourth stage of calculating an initial space division width on the t>asis of the code number or the quantization 
precision, dividing the two-dimensional nornral space into partial spaces using the initial space division width, 
encoding points in the transformed point sequences included in each partial space using an arrthmetic expres- 
sion to generate code sequences; and 

fifth stage of outputting compressed data comprising the transformation parameters employed for the data 
mapping in the third stage, parameters of the arithmetic expression employed in the fourth stage, and the code 
sequences. 

14. A shape data compression method employed for image generation by three-dimensional computer graphics, in 
which shape data of an object given by a three-dimensional vector sequence is processed, said method compris- 
ing: 

first stage of inputting one of a code nurTt>er and a quantization precision for encoding the three-dimensional 
vector sequence data, and reacOng tiie three-dimensional vector sequence data; 

second stage of transforming tiie three-dimensional vector sequence data to data sequences of two angles 
olDtained when expressed by polar coordinate; 

third stage of mapping the angle data sequences to transformed point sequences in a two-dimensional normal 
space [a,b] x [c.dj on the basis of transformation parameters; 

fourth stage of calculating an initial space division width on the basis of the code number or the quantization 
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precision, dividing the two-dimensional nornnal space into partial spaces using the inrtial space division width. 
w.r. encoding points in the transformed point sequences included in each partial space using an arithmetic expres- - ^ ; r >: ^ r > 
sion to generate code sequences; 

fifth stage of performing run-length compression to the code sequences; and 
5 sixth stage of outputting compressed data comprising the transformation parameters employed for the data 

mapping in the third stage, parameters of the arithmetic expression employed in the fourth stage, and the run- 
length compressed code sec^ences. 

15. A shape data compression method according to any of claims 1 to 8 wherein a maximum value of at>sotute values 
10 of all the coordinate values is employed for scale conversion in the transfornnation to the one-dimensional normal 

space. 

16. A shape data compression method according to any of claims 1 to 8 wherein a maximum value of absolute values 
of the respective coordinate values is employed for scale conversion in the transformation to the one-dimensional 

15 normal space. 

1 7. A shape data compression method according to any of claims 1 to 1 4 wherein a mean value of the respective coor- 
dinate values is employed as a parallel moving anrxxint in the transformation to the one-dimensional, two-dimen- 
sional, or three-dimensional normal space. 

20 

18. A shape data compression method accordng to any of claims 6 to 14 wherein an inverse function of a monotone 
increasing function is errployed as an arithmetic expression for encoding. 

19. A shape data compression method according to any of claims 5 to 8 wherein a comnrv>n one-dimensional normal 
25 space arxi a common arithmetic expression are used for a plurality of shape data. 

20. A shape data compression method according to any of claims 9 to 1 4 wherein a common two-dimensional or three- 
dimensional normal space and a comnrwn arithmetic expression are used for a plurality of shape data. 

30 21. A shape data decompression method employed for image generation by three-dimensional computer graphics, 
said method comprising: 

first stage of inversely transforming code sequences of compressed shape data of an object, using a code 
book which is used at encoding, to generate transformed point sequences mapped to a one-dimensional nor- 
35 mal space [a,b]; and 

second stage of inversely mapping the transformed sequences obtained by the inverse transformation in the 
first stage, and outputting one of three-dimensional coordinate point sequence data and two-dimensional coor- 
dinate point sequence data. 

40 22. A shape data decompression method according to claim 21 wherein the compressed shape data has been sub- 
jected to run-length corrpression. and the first stage includes, before the inverse transfornnation using the code 
booK a step of decompressing the run-length compressed shape data to restore the data to the compressed shape 
data before the run-length compression. 

45 23. A shape data decompression rriethod for decompressing compressed shape data of an object, employed for image 
generation by three-dimensional computer graphics: 

wherein the compressed shape data is decompressed, the compressed shape data being obtained by using 
an arithmetic expression, encoding points of transformed point sequences in each of partial spaces, into which a 
one-dimensional normal space is divided, the partial space having a division width determined by one of a code 
50 number and a quantization precision used at encoding; and 
said method comprising: 

first stage of inversely transforming code sequences of the compressed shape data, using an arismatic expres- 
sion that is an inverse of the arithmetic expression employed at encoding, to generate transformed point 
55 sequences mapped to a one-dimensional normal space [a.b]; and 

second stage of inversely mapping the transformed sequences obtained by the inverse transformation in the 
first stage, and outputting one of three-dimensional coordinate point sequence data and two-dimensional coor- 
dinate point sequence data. 
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24. A Shape data compression apparatus for compressing shape data of an object, employed for image generation by 
three-dimensional conrputer graphics; said apparatus conrprising: ^^^^^^ k> ^ ^^^^^ . v t^,.^, . ^ ^^^^ ^v -u^ ^ 

data input means for inputting a code number and a quantization precision for encoding shape data expressed 
by one of a three-dimensional coordinate point sequence and a twwo-dimensional coordinate point sequence, 
and reading the coordinate point sequence data; 

data mapping means for mapping the coordinate point sequence data to transformed point sequences in a 
one-dimensional normal space [a.b] on the basis of transformation parameters; 

quantization means for calculating an Initial space division width on the basis of the quantization precision, 
dividing the one<limensional normal space into partial spaces using the initial space division width, analyzing 
distribution of the transformed point sequences in each partial space, deciding a division width by adaptively 
changing the initial division width so that tiie number of partial spaces where the distribution Is not 0 is approx- 
imately equal to the code number, calculating the distribution of the transformed point sequences in each par- 
tial space at the decided division widtti, obtaining, for each of the partial spaces wherein tine distribution is not 
0, a mean value of coordinate values of transformed point sequences distributed in the partial space, and 
encoding the mean values to produce a code book; 

encoding means for encoding the transformed point sequences according to the code book to generate code 
sequences; and 

data output means for outputting compressed data comprising the transformation parameteiB used by the data 
mapping means, the code book, and the code sequences. 

25. TTie shape data compression apparatus of daim 24 further comprising run-length compression means for perform- 
ing run-length compression to the code sequences output from the encoding means. 

26. A shape data compression apparatus for corrpressing shape data of an object, employed for image generation by 
three-dimensional computer graphics, said apparatus comprising: 

data input means for inputting a code number and a quantization precision for encoding shape data expressed 
by a three-dimensional vector sequence, and reading the three-dimensional vector sequerKe data; 
polar coordinate transformation means for transforming the three<Jimenslonal vector sequerv^e data to data 
sequences of two angles obtained when expressed by polar coordinates; 

data mapping means for mapping the angle data sequences to transformed point sequences in a one-dimen- 
sional normal space [a,b] on the basis of transformation parameters; 

quantization means for calculating an initial space division width on tiie basis of the quantization precision, 
dividing the one-dimensional normal space into partial spaces using the initial space division width, analyzing 
distribution of the transformed point sequences in each partial space, deciding a division wridlh by adaptively 
changing the initial division width so that the number of partial spaces where the distribution is not 0 is approx- 
imately equal to the code number, calculating the distribution of tiie transformed point sequences in each par- 
tial space at the decided division widtti, obtaining, for each of ttie partial spaces wherein the distribution is not 
0, a mean value of coordinate values of transformed point sequences distributed in tiie partial space, and 
encoding the mean values to produce a code book; 

encoding means for encoding tiie transformed point sequences according to ttie code book to generate code 
sequerrces; and 

data output means for outputting compressed data comprising the transformation parameters i^ed by the data 
mapping n^eans, the code lxx)k. and the code sequences. 

27. The shape data compression apparatus of daim 26 furttier comprising run-length compression means for perform- 
ing run-lengtti compression to ttie code sequences output from the encoding means. 

28. A shape data compressfon apparatus for conpressing shape data of an object, employed for innage generation by 
three-dimensional computer graphics, said apparatus comprising: 

data input means for inputting one of a code number and a quantization predsfon for encoding shape data 
expressed by one of a ttiree-dimensional coordinate point sequence and a two<Jimensional coordinate point 
sequence, and reading ttie coordinate point sequence data; 

data mapping means for mapping ttie coordinate point sequence data to transformed point sequences in a 
one-dimensional normal space [a.b] on the basis of transformation parameters; 

quantization means for calculating an initial space division width on the basis of tiie code number or the quan- 
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tization precision, dividing the one-cfimensional normal space into partial spaces using the initial space division 

! .vr*:.^^^ ^^ encoding points'in the transformedpoint sequences included in each partial spa .■..■...i^,.^i^..^^:^,r^, 

metic expression to generate code sequences; and 

data output means for outputting compressed data comprising the transformation parameters employed by the 
5 data mapping means, parameters of the arrthmelic ©(pression employed tor the encoding, and the code 

sequences. 

29. The shape data compression apparatus of claim 28 further comprising run-length compression means for perform- 
ing run-lengtii compression to the code sequences output from the quantization means. 

10 

30. A shape data compression apparatus for compressing shape data of an object, employed for image generation by 
three-dimensional computer graphics, said apparatus comprising: 

data input means for inputting one of a code number and a quantization precision for encoding shape data 
15 expressed by a three<iimensional vector sequence, and reading the three-dimensional vector sequence data; 

polar coordinate transformation means for transforming the three-dimensional vector sequence data to data 
sequences of two angles obtained when expressed by polar coordinate: 

data mapping means for mapping the angle data sequences to transformed point sequences in a one-dimen- 
sional normal space [a.b] on the basis of transformation parameters; 
20 quantization means for calculating an initial space division width on tiie basis of the code number or the quan- 

tization precision, dividing the one-dimensional normal space into partial spaces using the initial space division 
width, and encoding points in the transformed point sequences included in each partial space using an arith- 
metic expression to generate code sequences; arxi 

data output means for outputting compressed data comprising the transformation paranneters employed by tiie 
25 data mapping means, parameters of the arithmetic expression employed for the encoding, and the code 

sequences. 

31 . The shape data compression apparatus of claim 30 further comprising run-length conrpression means for perform- 
ing run-length compression to the code sequerK:es output from the quantization means. 

30 

32. A shape data compression apparatus for compressing shape data of an object, employed for image generation by 
three-dimensional computer graphics, said apparatus comprising: 

data input means for inputting one of a code number and a quantization precision for encoding shape data 
35 expressed by a threenJimensional coordinate point sequence, and reading the three<Jimensional coordinate 

point sequence data; 

data mapping means for mapping tiie three-dimensional coordir^te point sequence data to transformed coor- 
dinate point sequences in a three-dimensional normal space [a,b] x [c.d] x [e.fl on the basis of transformation 
parameters; 

40 quantization means for calculating an initial space division width on the basis of the code number or the quan- 

tization precision, dividing the three-dimensional normal space into partial spaces using the initial space divi- 
sion width, and encoding points in the transformed point sequerx;es included in each partial space using an 
arithmetic expression to generate code sequences; and 

data output means for outputting compressed data comprising the transformation paranneters enployed by tiie 
45 data mapping means, parameters of the arithmetic expression employed for the encoding, and the code 

sequences. 

33. The shape data compression apparatus of claim 33 further comprising run-length compression means for perform- 
ing run-lengtii compression to the code sequences output from the quantization means. 

50 

34. A shape data compression apparatus for compressing shape data of an object, employed for image generation by 
three-dimensional computer graphics, said apparatus connprising: 

data input means for inputting one of a code number and a quantization predsion for encoding shape data 
55 expressed by a two-dimensional coordinate point sequence, and reading tiie two<iimensional coordinate point 

sequence data; 

data mapping means for mapping the two-dimensional coordinate point sequence data to transformed coordi- 
nate point sequences in a two-dimensional normal space [a,b] x [cdj on the basis of transformation parame- 
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ters; 

..^■rx;^^^.^^:}^^::^ir^, '^^^-^^^^^^'^^' -"q bBsis of thelcode numbfeT Of thiB^^ Q 

tization precision, dividing the two-dimensional normal space into partial spaces using the initial space division 
width, and encoding points in the transfbrmed point sequences included in each partial space using an arith- 
5 metic expression to generate code sequences; and 

data output means for outputting compressed data comprising the transformation parameters employed by the 
data mapping means, parameters of the arithmetic expression employed lor the encoding, and the code 
sequences. 

10 35. The shape data compression apparatus of daim 34 further comprising run-length compression means for perform- 
ing riffi-length compression to the code sequences output from the quantization means. 

36. A shape data compression apparatus for conpressing shape data of an object, employed for image generation by 
three-dimensional computer graphics, said apparatus comprising: 

data input means for inputting one of a code number and a quantization precision for encoding shape data 
expressed by a three-dimensional vector sequence, and reading the three-dimensfonal vector sequence data; 
polar coordinate transformation means for transforming the three-dimensional vector sequerx^e data to data 
sequences of two angles obtained when expressed by polar coordinate; 

data mapping means for mapping the angle data sequences to transformed point sequences in a two-dimen- 
sional normal space [a,b] x [c,d] on the basis of transformation parameters; 

quantization means for calculating an initial space divisfon width on the basis of the code number or the quan- 
tization precision, dividing the two-dimensional normal space into partial spaces using the initial space division 
width, and encoding points in the transformed point sequences included in each partial space using an arith- 
metic expressfon to generate code sequences; and 

data output means for outputting compressed data comprising the transformation parameters employed by the 
data mapping means, parameters of the arithmetic expression empfoyed for the encoding, and the code 
sequences. 

30 37. The shape data compression apparatus of daim 36 further comprising run-length compression means for perform- 
ing run-length compression to the code sequences output from the quantizatbn means. 

38. A shape data decompressfon apparatus for decompressing compressed shape data of an object, employed for 
im^e generation by three<limensional computer graphics, said apparatus comprising: 

data input means for inputting compressed shape data of an object; 

inverse transformation means for inversely transforming code sequences of the compressed shape data, using 
a code book which is used at encoding, to generate transformed point sequences mapped to a one-dimen- 
sional normal space [a.b]; and 

inverse quantization means for inversely mapping the transformed sequences obtained by the inverse transfor- 
mation in the first stage, and outputting one of three-dimensional coordinate point sec^ence data and two- 
dimensional coordinate point sequence data. 

39. The shape data decompressfon apparatus of daim 38 wherein the compressed shape data has been subjected to 
45 run-length compression, and the inverse transformation means performs, before the inverse transformation using 

the code txx>K decompression of the run-length compressed shape data to restore the data to the compressed 
shape data before tiie run-length compressfon. 

40. A shape data decompression apparatus for decompressing compressed shape data of an object, employed for 
50 image generation by three-dimensional computer graphics: 

wherein the compressed shape data is obtained by. using an arrttimetic expression, encoding points of 
transformed point sequences in each of partial spaces, into which a one^imensional normal space is divided, the 
partial space having a division width determined by one of a code number and a quantization precision used at 
encoding; and 
55 said apparatus comprising: 

inverse tansformation means for inversely transforming code sequences of the compressed shape data, using 
an arittimetic expression that is an inverse of the arithmetic expression employed at encoding, to generate 
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transformed point sequences mapped to a one^limensional normal space [a.b]; and 
inverse quartizat'on means for inversely ma^ the transformed sequenceis obtained by the^^inverse^^t^ 
mation In the first stage, and outputting one of three-dimensional coordinate point sequence data and two- 
dimensional coordinate point sequence data. 
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